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FAILURE HﬂﬂEE EFFECTS .lH.ﬁLTﬁIE (FMEA) = CRITICAL MARDWARE
NUMBER: ME-1MR-BMO11-X

SUBSYSTEM HAME: MECHANICAL - EDS

REVISIOM: 1 a1mE

PART NAME PART NUSMBER
VENDOR NAME VENDOR NUMBER

LRU . DIFFERENTIAL ASSEMBLY 330,6321.004
NPO-ENERGIA ‘ A3U,8321,004

SRU . ACTUATOR. EXTEND/RETRACT 13U6121.035
NPO-ENERGIA 13U.8121.085

PART DATA

EXTENDED DESCRIFTION OF PART UNDER ANALYSIS:

EXTEND/RETRACT ACTUATOR

REFERENCE DESHGMATORE:

QUANTITY OF LIKE [TEME: 1

ONE

FUNCTION:

PROVIDES THE CHERGY NECESEARY TO EXTEND AND RETRACT THE CREITER
DOCKING RIkG. CONTAINED IN THE ACTUATOR 18 A FRICTIONAL BRAKE. THE
FRICTIONAL BRAKE IS LOCATED ON THE SHAFT OF THE EXTENDVRETRACT ACTUATOR
AND LIMITS DOCKING LOADS AND DISSIPATES ENERGY. DURING MATING WHEN |
LOADS ON THE ACTUATOR ARMATURE ARE HIGH, THE BRAKE ABSORBS THE AXIAL
KINETIC ENERGY ASSOCIATED WITH THE RELATIVE CLOSING VELOCITY BY SLIFPING.
BRAKE SLIPPAGE ALSO OCCURS DURING RING RETRACTION WHEN THE RING HAS
BOTTOMED OUT.

SERVICE IN BETWEEN FLIGHT AND MAINTENANCE CONTROL:
SERVICEABILITY CONTOL, DOCKING WITH CALIBRATING DOCKING MECHANISM.
MAINTAINABILITY '

AEPAIR METHOD - REPLACEMENT.

AEFERENCE DOCUMENTS: 33U.6121.035

F3ILLEI21.004
J3L).6321.036-05
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FAILURE MODES EFFECTS ANALYSIS (EMEA) —~ CIL FAILURE MODE
HUMBER: M3-1MR-BMO11-01

REVISIONS 1 W9k
SUBSYSTEM HAME: MECHANICAL - EDS
LRU: HFFERENTIAL ASSEMBLY CRITICALITY CF THIS
ITEM NAME: ACTUATOR, EXTEND/RETRACT FAILURE MODE: 272
FAILURE MODE:
LOSS OF ROTATION

MISSION PHASE:
o0 ON-QREIT

VEHICLE/FAYLOADVKIT EFFECTIVITY: 104 ATLANTIS

CALUSE:

GEARSHAFT FAILUARE OWE TC MECHANICALTHERAMAL SHOCK DR
MANUFACTUREMATERIAL DEFECT, DUAL MOTORICLUTCH FALURE, JAMMING,
FRICTIONAL BRAKE FAILURE

CAITICALITY 14 DURING INTACT ABORT ONLY? NO
CRITICALITY 1A2 DURING INTACT ABORT GHNLY [AYIONICE ONLY)T WA

RESHLIMDANCY SCREEN A) WA,
B) N/A
C) N/A

PASSTFAL RATIOMALE:

A)
N/A

B)
MNA

<)

A

METHOD OF FALLT D N:

VISUAL OBSERVATION™ RING FAILS TG EXTEND/RETRACT OR EXTENDS & RETRACTS
. BLOWLY. APPROPRIATE INDICATORS ON THE DOCKING CONTROL PANEL WILL
INDICATE POSITION OF RING AT TIME OF FAILURE. TELEMETRY SENSORS MONITOR
POWER T THE ACTUATOR MOTORS.

- FAILUAE EFFECTS -

(A) SUSSYSTEM:

SINGLE MOTOR, CLUTCH, OR DRIVE CHAIN FAILURE WILL RESLLT IN AN INCREASED

OFERATING TIME OF THE ACTUATOR WITH RING MOVEMENT TAKING TWICE AS LONG
TO COMPLETE. WORST SASE, FAILURE OF ENTIRE ACTUATOR WILL RESULT IN LOSS
OF MOVEMENT IN THE KINEMATIC CHAIN. COMPLETE ACTUATOR FAILURE WiLL LOSE
ALL FUNCTIONS ASSOCIATED WITH RING EXTENSIGN/RETRACTION - LOSS OF

ASC p
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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ CiL FAILURE MODE
NUMBER: M3~ MA-BMO11- 01

CAPABILITY TO CAPTURE (EXTENSION) AND INABILITY TO MATE ORBITER DOCKING
MECHANISM WITH MIR DOCKING MECHANISM (RETRACTION), _

(B) INTERFACING SUBSYSTEM(S):
NG EFFECT ON INTEAFACING ORBITER SUBSYSTEMS.

{C} MISSION:
WORST CASE, DQCKING BETWEEN ORBITER AND MIA I3 IMPOSSIBLE IF EXTENDY
RETRACT ACTUATOR FAILS TQ ROTATE RESULTING IN LOSS OF GHBITEHMIH M|ISSION
OBJECTIVES. :

(D) CREW, VEHICLE, AND ELEMENT(S):
NO EFFECT ON CREW OR VEHICLE,

(E) FEINCTIONAL CRITICALITY EFFECTS!
/A,

DESIGN CAITICALITY (PRIOA TO OPERATIONAL DOWHGRADE, DESCRIEED IN F); 2/2

(F} RATIONALE FOR CRITICALITY CATEQORY DOWNGRADE:
N/A {THERE ARE NO WORKARQUNDS TO CIRCUMVENT THIS FAILURE.}

-THEPOSITION RATICHALE-

(A) DESIGN:
ACTUATOR DESIGN PROVIDES FOR DUAL MOTOR CONTROL, EMHER OF WHICH IS .
SUFFICIENT TO EXTEND OR RETRACT THE DOCKING RING. REDUNDANT POWER IS

SUPPLIED TO THESE MOTORS. TWO CLUTCHES AND A NO-BACK DEVICE PROVIDE

ISOLATION BETWEEN EACH MOTORAGEAR CHAIN AND THE OUTRUT OF THE ACTUATOR.

A FAILURE OF THE ACTUATOR BHAFT OR FAICTIONAL BRAKE IS CONSIDEAED VERY

REMOTE.

(8) TEST:

1. ELECTRICAL BECHEMATIC CHECKOUT - CONTACT RESISTANCE ON CACH PIN
OF THE CONNECTORWHICH IS EL ECTRICALLY TIED TO EACH EXTEND/RETRACT
AGCTUATOR MOTOR |15 CHECKED. TH'S TEST VERIFIES CONTINUITY THROUGH
THE ACTUATOR MOTOR WINDINGS.

f

2. INSULATION ELECTRICAL RESISTANCE TEST - THE INSULATION RESISTANCE
AND EL ECTRICAL STHENG TH OF INSLILATION CHECKOUT DF EACH FIN OF EACH
EXTEND/RETRACT ACTUATOA CONNECTCR TO THE APDA HOUSING WILL
VERIFY THAT THE EXTEND/RETAACT ACTUATOA MOTOR WINDINGE ARE NOT
ELECTRICALLY SHOATED TC GROUND.

3. INSPECTION SEAVICEABILITY TEST - DURING THE GUICE RNG FUNCTIONAL
PERFOAMANCE TEST THE DOCKING MECHANIEM RING 15 EXTENOED TG IT'S
INITIAL POSITION AND THEN IT'S FORWARD POSITION AND THEN RETRALTED TO
ITS FINAL POSITION. EXTENDYRETRACT ACTUATOR 1S VERIFIED FOR PRGPER
OPERATHON DURING RING EXTENSION AND RETRACTION.

4. VIBRORESISTENT TEST - APDS SUBJECTED TO THE FOLLOWING VIBRATION
LEVELES FOHM 2 MINUTES PEA AXIS:
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| FAlLURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE

. NUMBER: M8-1MR-BM011-C1
FREQUENCY (HT) SPECTORAL DENSITY ACCELERATION
[ FROM 20 TO 80 [ INGREASING, 30B OGTAVE TO 0.08GeMZ
FERGOM B0 TO 350  FEAMANENT 0.04G2HZ
FRCHM 350 TO 2000 DECREASING 3DB OCTAVE WITH 0.04GEHZ_

SUBSEQUENT TO THIS TEST AM ENGINEERING IMSFECTION & PERFCAMED TD
IDENTIFY BROWEN OR LOOSE HARDWARE; AND AN ELECTRICAL CIRCUIT TEST,
AN NSULATION AESISTANGE TEST, AND FUNCTIGNAL CHECK ARE PERFORMED,
PER ATP'S #1, #2, & #2 ABOVE, TO VERIFY PROPER CPERATICN OF THE
EXTENDRETRACT ACTUATOR,

5. DOCKING MECHANISM CHECKOUT (STATIC) TEST - RING IS EXTENDED AND
RETRACTED AS MECESSARY TO FULLY TEST TS OPERATION DURING A JINGLE
DOCKING. FORCE |15 APPLIED TC THE RING TO SIMULATE LOADS THAT CAN
OCCUR DURING RING CAPTURE AND MATING OF THE TWO MECHAMISMS.
ATTENUATION SYSTEM CHARACTERISTICE 18 DETERMINED WHEN THE RING 12
DEFLECTED AND ROTATED DURING THIS TEST. A CHECK OF RiNG AETRACTION
FORGE AND FORCE GENERATED AND KEPT BY THE DOCKING MECHANISM IE
PERFORMED. THIS TEET WILL VERIFY PROPER OPERATION OF THE .
EXTEND/RETRACT ACTUATOR UNDER LOAD AND NO-LOAD CONOITIONS.

6. THERMO YACUUM TEST - DOCKING OF THE MECHANIZM 18 THERMALLY
QYCLED, UNDER LOAD CONDITIONS, FAOM +207C TO -50-55"C TO +50/+85°CTO
+20°C IN A VACUUM AT 107 TO 1075 TORR. DWELL AT EACH TEMPERATURE AND
BETWEEN OFERATIONG AT EACH TEMPERATURE IS A MINIMUM OF 60 MINLTES
AFTER STABILIZATION, DPERATIONS INCLUDES PERFDRMING DOCKING WHICH
IS ACCOMPLISHED AT A SPEED OF D.15MSEC BETWEEN THE SIMULATOR AND

. MOVEABLE PLATFORM [CONTAINING THE DOCKING MECHANIEM). PROPER
CPERATION OF THE EXT/RET ACTUATOR IS VEHIFIED DURING RING EXTENSION/
RETRACTION AND DOCKING FOR A TEMPERATURE RANGE OF -50°CL55°C TO 50°
CrEsC,

7. CONTROLLED DOCKIMG TEST - CONTROLLED DOCKING IS PERFORMED
UMDER LOAD CONDITIONS AND WILL VERIFY PROPER RETRALTION OFf THE
DOCKING MECHANISM. A PULL TEST OF ASSEMBLIES WITH THE DOCKING
MECHAMISM ASSEMBELY IS PEREORMED DURING THIS TEST, THESE TESTS WILL
VERIFY PROPER OPERATION OF THE EXTENDY AETRACT ACTUATDH, '

L

1. ELE%GHDUW TEST - GWTMT RESISTANCE ON EACH PiH OF THE

CONNECTOR WHICH 1S ELECTRICALLY TIED TO EACH EXTEND/AETRACT -
ACTUATOR MOTOR 13 CHECKED. THLIS TEST VERSFIES CONTINUITY THROUGH
THE ACTUATOR MOTOR WINCINGE,

2 INSULATION ELECTRICAL RESISTANCE TEST - THE INSULATHON RESISTANCE
AND ELECTRICAL STRENGTH OF INSULATION CHECKOUT OF EACH PIN OF EACH
EXTEMNOMETRACT ACTUATOR CONNECTOR TO THE APDA HOUSING WILL
VERIFY THAT THE EXTENDVRETRACT ACTUATOR MOTOR WINDINGS ARE NOT
ELECTRICALLY SHORTED TO GRGUND.

3, OPERATIONAL CAPABILITY TEST - EXTEND/AETRACT ACTUATOR MOVEMENT
VERIFIED BY RING EXTENSION AND RETRACTION FROM THE END POSITION TG
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| FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
NUMBER: MS-1MR-BMO11-01

THE INITIAL POSITION THEN TO THE FORWARD POSITION AND FROM THE
FOAWARD POSITION TO THE END POSITION.

4. SHOGK AND SAWTOGTH LOADING STRENGTH TEST - DOCKING MECHANIEM
IS SUBJECTED TS 200 TERMINAL SAWTOOTH SHOCK PULSES |N EACH AXIS, 3
PULSEE IN EACH DIRECTION FOR A TOTAL OF & PULSES/AXIE. AFTEH
COMPLETION AN INSPECTION IS PERFORMED TO IDENTIFY BROKEN OF LODEE
HAADWARE; ANDC AN ELECTRICAL CIRCUIT CHECK TEST, INSULATION
RESISTANCE TEST, AND OPERATIONAL CAPABILITY TEST, AS DEFINED IN QTP
TESTS #1, #2, AND #3 ABOVE, ARE PERFORMED TO VERIFY PROPER
EXTEND/AETAACT ACTUATCOR OPERATIONS DURING FING MOVEMENT.

5. TRANSPORTABILITY STRENGTH TEST - SHIFFING LOADS ARE SIMULATED ON
A VIBAATING TAELE TO YERIFY THAT THE DOCKING MECHANISM WILL NOT BIE
DAMAGED DURING SHIFMENT. THIS TEST IS SHOWN BELOW,

VIBRATION | VIBRATION FREQUENCY SUBBAND, HZ TOTAL TEST
ACCELER "ACCELER 57 7-15 18-30 -0 A0-50) DURATION
DIRECTION | AMPLITUDE TEST DURATION, MiN HR MIN
ALGNG X-AXIS 14 - 4 - - = = Y
12 75 o » &3 20 8 7
ALONG Y-AX18 14 - 4 = - - |- - 4
1.0 13 16 7 10 7 - 53
Al DMz Z-AXIS 1.1 - 4 - - - - 4
1.0 =2 a0 18 2% 16 2 10
SUBSEQUENT TO THIS TEST AN INSPECTION IS PERFORMED TO IDENTIFY .

SROKEN OR LOOSE HARDWARE: AND AN ELECTHICAL CIRCUIT CHECK TEST,
INSULATION RESISTANCE TEST, AND OFERATIONAL CAPABILITY TEST, AS
GEFINED IN QTP TESTS #1, #2, AND #3 ABOVE, ARE PERFCAMED TO VERIFY
PROPER EXTENCYRETRACT ACTUATOR OPEAATIONS DURING RING MOVEMENT.

6. VIBRATION STHENGTH TEST - APDS SUBJECTED TO THE FOLLOWING
VIBRAATION LEVELS IM EAGH AXIS QR A 400 SECOND DURATION.

FREGUENCY (HZ)' EPECTORAL DENSITY ACCELERATION :
| FROM 20 TO B0 INGREASING, 3 TAVE 10 0.08TGEHE
FROM 80 10 350 mn_mm%u -
FROM 350 TO 2000 | DECREASING 308 OCTAVE WITH 0.06TGoHE |

SUBSEQUENT TD THIS TEST AN ENGINEZRING INSPECTION IS PERFORMED TO
IDENTIFY BROKEN OR LDOSE HARDWARE; AMD AN ELECTRICAL CIRCUTT CHECK
TEST, INSULATION RESISTANCE TEST, AND OPERATIONAL CAPABILITY TEST, AS
DEFINED IN QTP TESTS 41, £2, AND #3 ABOVE, ARE PERFORMED TC VERIFY
PROPER EXTEND/RETRACT ACTUATOR CPERATIONS DURING RING MOVEMENT.

7. APDS 3ERVICEARILITY TEST IN A S1X-DEGREE-OF-FAEEDOM DYNAMIC TEST -
THE SIX-DEGREE-OF-FREEDCM DYNAMIC TEST VERIFIES APDS DOCKING AND
UNDOCKING OFERATIONS UNDER CLOSE-TO-FULL-SCALE CONDITIONS. STATIC
MOTION OF ENTITIES IS SIMULATED UNDER SPECIFIC INERTIAL AND
GEOMETRICAL PARAMETERS FOR VARIOUS INITIAL CONDITIONS FOR
MIR/SHUTTLE DOCKING, A TOTAL OF 20 DOCKINGS I8 PERFORMED.
EXTEND/RETRACT ACTUATOR MOVEMENT VERIFIED BY EXTENSION OF

o o
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| FAILWAE WOOES EFFECTS AMALYSIS {FMEA) — CIL FAILURE MODE

NUMBER: MA-1MR-BMITY- 01

DOCKING RING TC INMAL POSITION AND ABSDRFTION OF ENERGY OF
AELATIVE MOYEMENT DURING EACH DOCKING WILL DETECT A FALED
EXTEND/RETHACT ACTUATOR. SUBSEQUENT TC THIS TEST AN ENGINEERING
INSPECTION IS PERFORMED TO IDENTIFY BAOKEN OR LOOSE HARDWARE; AND
AN ELECTRICAL CIRCUIT CHECK TEST, INSULATION RESISTANCE TEST, AND
OPERATIONAL CAPABILITY TEST ARE PERFORAMED, AS DEFINED N QTP TESTS
#1, #2, AND #3 ABOVE, TO VERIFY PROPER EXTENOD/RETRACT ACTUATOR
FUNCTIONING DURING RING MOVEMENT AND DOCKING OPERATIONS.

B. COLD AND HEAT RESISTANCE TEST - DOGKING OF THE MECHANISM IS
THERMALLY CYCLED FRGOM +20°C TO -50¢-55°C TO +50/+55°C TO +«20°C IN A
VACUUM AT 1074 TO 10°5 TORR. DWELL AT EACH TEMPERATURE AND BETWEEN
OPERATIONS AT EACH TEMPERATURE IS A MINIAUM OF &) MINLITES AFTER
STABILIZATION, FIVE CYCLES WERE PERFORMED AGAINST THE GLIDE RING
EXTEND AND FINAL POSITION MECHANICAL STOPS FOR 10 SECONDS EACH.
CURING EACH DDCKING, AS SHOWN IN THE FOLLOWING TABLE, A EAILED
EXTEND/ARETRACT ACTUATOR WOLLD BE DETECTED.

DOCKING SIMUCATOR | PRESS
SEQ AATH, ROTATIONAL ANGLE TEMP | VOLTAGE | WTEGRITY
NO. ws PTCH ROLL o YOLTES | CHECKOUT
1 0.10 r g 25 #-10 23 YES
Z D10 o a° 25 410 7 e}
3 012 4 45 25 +10 = NQ
[ & — — — 05 j— YES
i 4 0.10 4* o » 50445 Fij YES
| 5" — —n — SB0-8) — YES
| 5 0.10 e o [ oo} F14 YES
[ _& — — — +E-8 — YES
| & 012 o* 48 e, v 23 YES
i — - — {E0+-5) — YES
| 7 G.10 o 47 {30 #/-5) 23 YES
| — —_— . 05 — YES
T s 0.12 re 4 B0 45 i YES
o aere — - — YES
9 0.12 AT 47 {30 +-5) 34 YES
| N . P—— = | sB0w:5 = YES
10 010 | 4~ o +50-5 27 YES
11° — — - {BO5) — YES
1t 0.10 o 4° <30 #-5) 27 YES
F= p— - — +804/-5 — YES
12 0.1a Qe 47 D5 = YES
15 — — — {80+-5) s YES |
13 0.12 [ 42 3] o5} iy YES
14~ — — — +80+-8 — YES
14 0.12 4" 4" 1-&3#-5 zr YES
18" 012 4¢ 4= + 25410 x| YES

MGEZ1-0087-3001, <001, & -500T ONLY
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| FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
NUMBER: M8-1MA-BM011- 01

AFTER COMPLETION AN INSPECTION IS PERFORMED TC IDENTIFY BROKEN OR
LOOSE HARDWARE; AND AN ELECTRICAL CIRCUIT CRECK TEST, INSULATION
RESISTANGE TEST, AND OPERATIONAL CAFABILITY TEST, AS DEFINED IN QTP
TESTE #1, #¥2, AND #3 ABOYE, ARE PERFCAMED TO VEAIFY PRCGPER
EXTENDVRETRACT ACTUATOR FUNCTIONING DURING AING MOVEMENT,

9. TARGET SERVICE LIFE TEST - TEETS ARE PERFORAMED TO VERIFY PROPER
DOCKING AND UNDOCKING OPERATIONS OVER ITS LIFE OF 100 DOCKINGS.
PROPERA CPERATION OF THE EXTEND/RETRALT ACTUATCA VERIFIED DURING
100 DOCKING AND UNMATING CYCLES (FOR WO821-0087-1001/-3001 UNITS DNLY).
FOR MCE21-0087-2001, -4001, & -5001 UNITS FROPER OPERATION VERIFIED
DLIRING 388 CYCLES (44 VACUUMALOAD CYCLES, 16 LOAD CYCLES, & 324 NO-
LOAD CYCLES). THESE TESTS INCLURE RING EXTENSION AND RETRACTION.
SUBSECQUENT TO THIS TEST AN ENGINEERING INSPECTION IS PERFODAMED T
IDENTIFY BACKEN DR LOCSE HARDWARE: AND AN ELECTRICAL CIRCIAT CHECK
TEST, INSULATION RESISTANCE TEST, AND OPERATIONAL CAPABILITY TEST, AS
CEFINED IN QTP TESTS #1, #2, AND #3 ABOVYE, AAE PERFORMED TS VERIFY
PRCPER EXTEND/RETRACT ACTUATOR FLINGTI'DNIHG DURING RING MOVEMENTY
AND DOCKING OPERATIONS.

10, BACKUP UNDOCKING MEANS CHECK - PROPER OPERATION OF THE
EXTEND/AETRACT ACTUATOR IS VERIFIED DURING COUPLING OF THE APDA,
ASSEMBLY WITH THE SIMULATOR, )

11, CONTRCL DISASSEMBLY - UPON COMPLETION OF ALL QUAL TESTING THE
DOCKING MECHANIEM 1S DISMANTLED AND ALL EXTENDYRETRACT ACTUATOR
CPERATING SURFACES ARE CHECKED FOR EVIDENCE OF WEAR DR FAILLAE

CMRSD - TURNAROUND CHECKOUT TESTING 15 ACCOMPLUSHED IN ACCORDANCE WITH
CMASD.

(<) INBRELCTION:

RECEIVING INSPECTION

COMPONENTS ARE SUBECTED TO A 103% RECEMING INSPECTION PRICA TO
INSTALLATION.

CONTAMIMATION DCN'I'FICI..

CORROSION PROTECTION PROVISIONS AND CONTAMINATION CONTROL ‘-I"EFIIFIED BY
INSPECTION. CHECK OF ROOM CLEANLINESS; PARTS WASHING AND OTHER
OPERATIONS OF THE HNCLOGICAL PROCESS WHICH PROVIDES CLEANLINESS ARE
VERIFIEDr BY INSPECTION. Co-

CRIMICAL FHOCESSES
ANODRZING, HEAT THEATING, SOLDERING, CHEMICAL PLATING, AND CURING VERIFIED

BY INSPECTION

ASSEMBLYANSTALLATION
TORGUE, ADJUSTMENTS AND TOLERANCES ACCORDING TO TECHMICAL
REQUIREMENTS DF THE DRAWINGS ARE VERIFIED BY INSPECTION.

TESTING
ATPATPIOMRSD TESTING VERIFIED BY IHSF‘EGTIDH
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FAILURE MOCES EFFECTS ANALYSIS {FMEA) ~ CIL FAILURE MODE
NUMBER: M3.1MR-BMI11.01

HANDLING/PACKAGING
HANDLING/PACKAGING FROCEDURES AND REQUIREMENT FOR SHIPMENT \'ERIFIED BY

INSPECTION.

{1 FAILURE HISTORY:
DATA ON TEST FAILURES, UNEXPLAINED ANOMALIES, AND OTHER FAILURES

EXPERIENCED DURING GROUND PROCESSING OF ODS DOCKING MECHANISMS CAN BE
FOUND IN FRACA DATA BASE,

(E} OPERATIONAL USE:
NQ WORKAROUND TO RESTORE A FAILED EXTEND/RETRACT ACTUATCR. CREW WOULD

OPEN CAFPTURE LATCHES AND FIRE ORBITER RCS JETS TO ENABLE SEPARATION.

« APPROVALS -
DESIGN ENGINEER © M NIKQLAYEVA
DESIGN MANAGER ¢ A SOURCHEY
MASA SEMA :
NAZA SUBSYSTEM MANAGER
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